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(57)Abstract 

PURPOSE: To illuminate a substance to be illuminated with 
uniform illuminance distribution even in the case the* 
wavelength band of illuminating light used is wide. 
CONSTITUTION; The illuminating light from a light source 1 1 
is changed to nearly parallel luminous flux by an input lens 12 
and made incident on a secondary light source forming system 
50. The system 50 is constituted by bundling many lens 
elements 51, and a light beam from a secondary light source 
52 formed of the respective lens elements 51 passes through 
a condenser lens system 30 and illuminates the object 40 to 
be illuminated in a superposed state. The lens element 51 has 
the plural lens having different dispersion. 
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(54) ILLUMINATION OPTICAL DEVICE 
(57)Abstract: 

PURPOSE* lb illuminate a substance to be illuminated with uniform illuminance 
distribution even in the case the wavelength band of illuminating light used is wide. 
CONSTITUTION: The illuminating light from a light source 11 is changed to nearly 
parallel luminous flux by an input lens 12 and made incident on a secondary light 
source forming system 50. The system 50 is constituted by bundling many lens elements 
51, and a light beam from a secondary light source 52 formed of the respective lens 
elements 51 passes through a condenser lens system 30 and illuminates the object 40 to 
be illuminated in a superposed state. The lens element 51 has the plural lens having 
different dispersion. 



CLAIMS 



[Claim(s)l 

[Claim l] The light source which generates the illumination light of a predetermined 
wavelength region, and the secondary light source means forming which comes to 
bundle two or more microlens elements which form the secondary light source from said 
illumination light, respectively, It has the condenser-lens system which condenses the 
illumination light from the secondary light source of a large number formed of this 
secondary light source means forming, respectively, and illuminates an irradiated plane 
in superposition. Illumination -light study equipment characterized by having formed 
each of two or more microlens elements which constitute said secondary light source 
means forming from the optical material with which two or more distributions differ, 
and amending chromatic aberration in said secondary light source means forming. 
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[Claim 2] at least one cemented lens component to which said two or more microlens 
elements joined the positive lens with which distributions differ mutually, respectively, 
and the negative lens having - distribution of said positive lens - distribution of nu 1 
and said negative lens - nu 2 ** - illumination-light study equipment according to 
claim 1 characterized by satisfying the conditions of I nulnu2 | >5 when carrying out. 
[Claim 3] Illumination-light study equipment according to claim 2 characterized by 
satisfying 0.0K I r I / conditions of D< 5 when setting the radius of curvature of the 
plane of composition of D and said cemented lens component to r for each overall length 
of two or more of said microlens elements. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is used as an illumination- light study system of 
a projection aligner, concerning the illumination-light study equipment for illuminating 
an object to homogeneity using the light source, and is suitable. 
[0002] 

[Description of the Prior Art] When manufacturing a semiconductor device, a liquid 
crystal display component, or the thin film magnetic head at a lithography process, the 
projection aligner which imprints a photo mask or the pattern image of reticle <it is 
hereafter named "reticle" generically) on a sensitization substrate through a projection 
optical system is used. In this projection aligner, in order to expose the pattern image of 
reticle in the good condition on a sensitization substrate, it is necessary to illuminate 
the reticle with the exposure light of uniform illuminance distribution. Therefore, 
conventionally, various kinds of illumination hght study equipments are proposed as an 
illumination-light study system for illuminating reticle with a uniform illuminance in a 
projection aligner. 

[0003] Using an ultrahigh pressure mercury lamp as the light source, an example of 
conventional illumination-light study equipment collects the light from this light source 
in an ellipse mirror, and equalizes illuminance distribution with the optical integrator 
as one more a large number light source image formation means as indicated by 
JP,56-81813,A. Moreover, in order to raise the homogeneity of illuminance distribution 
more, the thing using two optical integrators by which serial arrangement was carried 
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out is also known so that it may be indicated by JP,58: 147708, A. 

[0004] Drawing 5 is the schematic diagram showing an example of conventional 
illumination-light study equipment, and the illumination light injected from the light 
source 11 in the light source system 10 is changed into the almost parallel illumination 
light IL by the input lens 12 in this drawing 5 . The illumination light IL carries out 
incidence to the fly eye lens 20 as an optical integrator, i.e., secondary light source 
means forming. The fly eye lens 20 bundles many lens elements 21, and is formed, and 
each lens element 21 consists of a respectively single lens. The secondary light source 22 
of the illumination light IL of the same number as the number of these lens element 21 
is formed in a focal plane the backside [ the fly eye lens 20 ] Grradiated object side). 
[0005] The illumination light injected from much secondary light sources 22 is mostly 
changed into the parallel flux of light by the condenser-lens system 30, respectively, and 
illuminates the illuminated body (for example, reticle) 40. Since it is superimposed on 
the illumination light from much secondary light sources 22 on the illuminated body 40, 
illuminance distribution is equalized. Moreover, the wavelength band of the exposure 
light used with the conventional projection aligner was comparatively narrow, and 
chromatic aberration did not need to be taken into consideration especially in the fly eye 
lens 20 as an optical integrator. Therefore, even if each lens element 21 which 
constitutes the fly eye lens 20 was a single lens, respectively, it was satisfactory about 
especially chromatic aberration. 

[0006] When an example of the item of the lens element 21 which consists of the single 
lens is shown, the focal distance f of the lens element 21 is 4.8mm, and numerical 
aperture (N.A.) is 0.3. Moreover, the lens element 21 is the single lens of both conv^xes 
as an example, and 7.3mm and a refractive index are [ the curvature of both sides of 
both this convex single lens / 2.48mm and a spacing ] 1.51680 and distribution nud. It is 
64.103. 
[0007] 

[Problem(s) to be Solved by the Invention] With conventional illumination-light study 
equipment, since the ******(ed) flux of light is used, the problem about the 
heterogeneity of the illuminance by chromatic aberration does not exist. However, when 
the fly eye lens of a configuration of having bundled the conventional single lens was 
used to the exposure light of a broadband, even if it designed the fly eye lens so that it 
might have good illuminance homogeneity [ near a certain wavelength ], there was 
inconvenience of necessarily not becoming the best conditions, in the left wavelength 
range. 

[0008] For example, in the conventional illumination-light study equipment of drawing 
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5 as shown in drawing 6 (a), the illuminance distribution in the illuminated body side 
in C line (656.3nm) is equalized, but, as shown in drawing 6 <b), the illuminance 
distribution in g line (435.8nm) is getting worse. Moreover, it is desirable to draw the 
illumination light injected from the light source on an illuminated body at high 
effectiveness as illumination-light study equipment. 

[0009] This invention aims at offering the illumination-light study equipment with 
which the wavelength band of the illumination light to be used can illuminate an 
illuminated body top by efficient and uniform illuminance distribution as it is large in 
view of this point. 
[0010] 

[Means for Solving the Problem] The illumination-light study equipment by this 
invention For example, the light source which generates the illumination light of a 
predetermined wavelength region as shown in drawing 1 and drawing 2 (ll), The 
secondary light source means forming which comes to bundle two or more microlens 
elements (51) which form the secondary light source (52) from the illumination light, 
respectively (50), It has the condenser-lens system (30) which condenses the 
illumination light from the secondary light source (52) of a large number formed of 
secondary light source means forming (50), respectively, and illuminates an irradiated 
plane (40) in superposition. Each of two or more microlens elements (51) which 
constitute secondary light source means forming (50) is formed from the optical 
material (L11-L22) with which two or more distributions differ, and chromatic 
aberration is amended by secondary light source means forming (50). 
[0011] in this case, at least one cemented lens component (Ll) to which the microlens 
element (51) of these plurality joined the positive lens (Lll) with which distributions 
differ mutually, respectively, and the negative lens (L12) - having - distribution of a 
positive lens (Lll) - distribution of nu 1 and a negative lens (L12) - nu 2 ** - when 
carrying out, it is desirable to satisfy the following conditions. 
| nul nu2 |>5(l) 

[0012] furthermore, each overall length of the microlens element (51) of these plurality 
- the radius of curvature of the plane of composition of D and its cemented lens 
component (Ll) - r2 ** when carrying out, it is desirable to satisfy the following 

conditions. 
0.01<|r2|/D<5 (2) 
[0013] 

[Function] According to this this invention, the illumination light is divided into 
plurality, the microlens element (51) which constitutes secondary light source means 
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forming forms using the optical material with which two or more distributions differed 
paying attention to making the function of chromatic- aberration amendment bear in 
secondary light source means forming with the function which carries out homogeneity 
lighting of two or more of these division light in superposition in an illuminated field, 
and it is made to perform chromatic-aberration amendment with each microlens 
element (51), respectively. Therefore, even when the wavelength region of the 
illumination light is large, the illuminance homogeneity in an irradiated plane (40) is 
good, and lighting effectiveness also has it. [ good ] 

[0014] Moreover, by satisfying the above-mentioned conditions (l), the effectiveness of 
chromatic-aberration amendment becomes large substantially, by the irradiated plane 
(40), a large wavelength region can be covered and uniform illuminance distribution 
(optical intensity distribution) can be acquired. Furthermore, when the minimum of the 
above-mentioned conditions (2) is exceeded, it is the radius of curvature r2 of the plane 
of composition of a cemented lens component (LI). It is difficult to become small too 
much and to manufacture about [ that amendment of chromatic aberration becomes 
difficult ], and a cemented lens with the radius of curvature of a plane of composition 
small such. On the other hand, when the upper limit of the condition (2) is exceeded, the 
load on the aberration amendment in about [ that amendment of chromatic aberration 
becomes difficult ] and a condenser-lens system (30) becomes large. It becomes difficult 
to acquire uniform illuminance distribution on an irradiated plane (40) as the result. 
[0015] 

[Example] Hereafter, with reference to drawing 1 - drawing 3 , it explains per 1st 
example of the illumination-light study equipment by this invention. Drawing 1 shows 
the outline configuration of the illumination-light study equipment of this example, the 
illumination light injected from the light source 11 of the light source system 10 is 
collimated by the input lens 12 in this drawing 1 , and the almost parallel illumination 
light IL injected from the light source system 10 carries out incidence to the secondary 
light source formation system 50. Although it can be considered that this secondary 
light source formation system 50 is a kind of fly eye lens, unlike the conventional fly eye 
lens, each lens element 51 which constitutes the secondary light source formation 
system 50 consists of two or more lenses, respectively. 

[0016] That is, the secondary light source formation system 50 bundles many same lens 
elements 51, and is constituted, and the lens element 51 consists of two or more lenses, 
respectively. The secondary light source 52 of the illumination light IL is formed in a 
focal plane, respectively the backside [ each lens element 51 which constitutes the 
secondary light source formation system 50 ] ^illuminated body 40 side), and the 
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illumination light injected from much' secondary light sources 52 illuminates the 
illuminated body 40 top in superposition through the condenser-lens system 30, 
respectively. These secondary light sources 52 are formed on the entrance pupil of the 
condenser-lens system 30, and Koehler illumination is performed on the illuminated 
body 40 by the illumination light from these secondary light sources 52. Thereby, the 
illuminance distribution of the illumination light on the illuminated body 40 is 
equalized. Next, an example of the item of the lens element 51 which constitutes the 
secondary light source formation system 50 is explained. 

[0017] As drawing 2 shows the secondary light source formation system 50 of this 
example and shows it to this drawing 2 , two or more lens elements 51 which constitute 
the secondary light source formation system 50 the 1st cemented lens LI which comes 
to stick both the convex positive lens Lll and the negative meniscus lens L12 which 
turned the concave surface to the light source system 10 side in order [ side / light 
source system 10 1, respectively The 2nd cemented lens L2 which comes to stick a 
negative meniscus lens L21 and both the convex positive lens L22 It has. The 2nd latter 
cemented lens L2 Cemented lens LI L2 It is related with the field of a between and is 
the 1st former cemented lens LI. It is symmetrical. Moreover, it is formed from the 
optical material with the same negative meniscus lenses L12 and L21, and is formed 
from the optical material with both the same convex positive lenses Lll and L22. And it 
differs from distribution of both the convex positive lenses Lll and L22, and 
distribution of negative meniscus lenses L12 and L21. 

[0018] The value of the item of the lens element 51 is hung up over the following table 1. 
In a table 1 the radius of curvature of a page [ ith ] (i= 1, 2, ..„) lens side from the light 
source system 10 side ri, A refractive index [ as opposed to / in the lens spacing of the 
ith page and a ** (i+l) side / d line Qambda= 587.6nm) of the medium between nudi, 
and the i th page and a ** 6+1) side for the Abbe number of the medium between di, and 
the i th page and a ** G+l) side ] is set to ndi. Moreover, the focal distance f of the whole 
system of the lens element 51 is 4.8mm, and numerical aperture (N.A.) is 0.3. 
[0019] 
[A table l] 

The item i of the 1st example ri di nudi ndil + 3.8 1.5 64.103 1.516802 - 2.3 2.0 36.270 
1.620043 - 6.3 1.6 1.000004 +6.3 2.0 36.270 1.620045 +2.3 1.5 64.103 1.516806*3.8 
[0020] Drawing 3 shows the illuminance distribution on the illuminated body 40 at the 
time of illuminating the illuminated body 40 top with the illumination-light study 
equipment of the 1st example using the secondary light source formation system 50 
which consists of lens elements 51 of a table 1. The illuminance distribution of the 
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direction where drawing 3 (a) is vertical to the optical axis [ illuminance distribution in 
case the illumination light is C line (656.3nm), and drawing 3 (b) show illuminance 
distribution in case the illumination light is g line (435.8nm), and / both ] centering on 
the optical axis of the illumination-light- study equipment on the illuminated body 40 is 
shown. By comparing the illuminance distribution of this drawing 3 with the 
illuminance distribution of drawing 6 by the conventional example shows that 
illuminance distribution also with uniform long wavelength side or short wavelength 
side is acquired in this example. 

[0021] Next, it explains per 2nd example of this invention. The illumination-light study 
equipment of this example is the same configuration as drawing 1 , and the secondary 
light source formation system 50 consists of the same lens elements 51 as drawing 2 . 
The item of the lens element 51 of this example is shown in the following table 2. 
Moreover, the focal distance f of the whole system of the lens element 51 of the 2nd 
example is 4.81mm, and numerical aperture (N.A.) is 0.3. 
[0022] 
[A table 2] 

The item i of the 2nd example ri di nudi ndil + 4.0 1.6 64.103 1.516802 - 3.76 2.0 28.341 
1.728253 - 6.5 1.78 1.000004 +6.5 2.0 28.341 1.728255 +3.76 1.6 64.103 1.516806 4.0 
[0023] Drawing 4 shows the illuminance distribution on the illuminated body 40 at the 
time of illuminating the illuminated body 40 top with the illumination-light study 
equipment of the 2nd example using the secondary light source formation system 50 
which consists of lens elements 51 of a table 2. illuminance distribution in case the 
illumination light of illuminance distribution in case the illumination light of drawing 4 
(a) is C line (656.3nm), and drawing 4 (b) is g line (435.8nm) - being shown - this 
example - also setting - a long wave - it turns out that illuminance distribution also 
with uniform merit side or short wavelength side is acquired. 

[0024] Moreover, although it is desirable that it is satisfied with this invention of 
above-mentioned conditions (l) and (2), conditions (l) and the data of each example to 
(2) are shown in the following table 3. In addition, the overall length D of 8.6mm and the 
lens element 51 of the 2nd example of the overall length D of the lens element 51 of the 
1st example is 8,98mm. 
[0025] 
[A table 3] 

Condition conversion table |nudl-nud2| |nud5 nud4| |r2|/D The 1st example of 
I r5 1 /D 27.833 27.833 0.267 The 0.267 2nd example 35.762 35.762 0.419 0.419 [0026] In 
addition, although the wavelength band of the illumination light is a light region in the 
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above-mentioned example, this invention is not restricted to this, and a visible 
near-infrared region is sufficient as , it, and it can be applied also like the 
illumination-light study system of the aligner of further various wavelength bands. 
Furthermore, although each above-mentioned example showed the example which 
amends chromatic aberration by constituting each lens element 51 from a cemented 
lens Each lens element 51 is considered as a lens configuration forward, negative, and 
forward triplet ty^e. For example, the 1st fly eye lens of forward refractive power, If the 
configuration which has arranged the 2nd fly eye lens of negative refractive power and 
the 3rd fly eye lens of forward refractive power in serial is adopted, chromatic 
aberration can be amended even if it does not use a cemented lens. 

[0027] Moreover, it cannot be overemphasized that it is desirable to consider as 
expansion optical-path drawing in order to make intelligible the configuration shown in 
drawing 1 , to prepare a reflective member in a desired location, to bend an optical path 
in actual equipment, and to constitute the whole equipment small. Furthermore, 
although the lens element 51 shown in drawing 2 is premised on the configuration 
which combined two glass members, it may constitute these from a plastics member 
from which two or more distributions differ. Moreover, cemented lens Ll It really has 
the **** processing approach of shaping, and two lenses to form can also be made with 
one. 

[0028] In addition, as for this invention, it is needless to say that configurations various 
in the range which is not limited to the above-mentioned example and does not deviate 
from the summary of this invention can be taken. 
[0029] 

[Effect of the Invention] According to this invention, since it has the optical material of 
two or more microlens elements with which two or more distributions differ, respectively, 
there is an advantage to which the wavelength band of the illumination light to be used 
can illuminate an illuminated body top by efficient and uniform illuminance 
distribution as it is large. Moreover, when conditions (l) are imposed, the effectiveness 
of chromatic-aberration amendment becomes large substantially. Furthermore, when 
conditions (2) are imposed, the load of chromatic-aberration amendment to a 
condenser-lens system can be made small. 
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[Brief Description of the Drawings] 

[Drawing l] It is outline optical-path drawing showing the example of the 
illumination light study equipment by this invention. 

[Drawing 2] It is the enlarged drawing showing the secondary light source formation 
system 50 of drawing 1 . 

[Drawing 3] It is drawing showing the muminance distribution on the illuminated body 
of the 1st example. 

[Drawing 4] It is drawing showing the illuminance distribution on the illuminated body 
of the 2nd example. 

[Drawing 5] It is outline optical-path drawing showing the configuration of conventional 
illumination-light study equipment. 

[Drawing 6] It is drawing showing the illuminance distribution on the illuminated body 
by conventional illumination-light study equipment. 
[Description of Notations] 

10 Light Source System 

11 Light Source 

12 Input Lens 

30 Condenser-Lens System 
40 Illuminated Body 

50 Secondary Light Source Formation System 

51 Lens Element 

52 Secondary Light Source 



* NOTICES * 

JPO and NCIPI are not responsible for anydamages caused by the use of this 
translation. 

l.This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



-9- 



